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One of the various symmetry groups considered by Professor 
Stanistaw Szpikowski in his works on nuclear structure, is the SU, iso- 
spin group which plays an important role both in nuclear and particle 
physics, The isospin symmetry is not exact. It is broken by electromag- 
netic forces and mass differences, which leads to several effects. Here, 
1 shall describe one such effect: the isospin oscillations in 22 hypernuclei, 

Let us consider the states of the e hypernuclei produced in the 
(K7, ) strangeness exchange reactions on 2a Because of the presen- 
ce of the Z’s symmetry (Lane) potential, the pure charge states, 

iL, + =*) and ae dic + s) , are not true eigenstates, i.e., 
the 2- hyperons do not preserve their charge identity, and the true eigen- 
states are superpositions of the two charge states, On the other hand, 
because of the breaking of the isospin symmetry, the eigenstates of the 
isospin T are also not true eigenstates, 

1 apply the single particle (s.p. ( picture and restrict myself to the 
substitutional (p3/2, p 3/27 ley 
cC CB and tC) are rigid (undisturbed by x) , and that their isospin 


states, 1 assume that the nuclear cores 
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T° 1/2, The nuclear XC interaction ۷ ی‎ is represented by a s.p. po- 


tential, 
وہ د‎ 
Vsc = v(r) + iw(r) +vi(r) ر‎ ml (1) 


where the imaginary potential w describes the absorption due to the 
ZN —> AN process. 

12 
I work in the charge basis and write the wave function W of ZC as 


ya لها‎ + YWse 
We = R (4p) XH Y 5 8 ( ’ (2) 
م‎ ial (o) = 
وی لا‎ R( SNAR Yo F) , 


where T is the relative C position vector, R(C) is the normalized 

A 11 
wave function of C, x) >- At B) Ae) and xb = cz) 
are the isospin functions in the Z* and Z° channels. By inserting expres = 


sions (2) into the Schrbdinger equation for w, and projecting the result- 
11 

ing equation onto <R z+ and x) (here, the approximation R( 2 

R(*c) is used) , one gets 3 


1) بو + ۷ + حلمی بر2‎ + ۷ 5% Et i172} با‎ ehle 


(3) 
)-)۸7 /2 ppd + ۷ + 1۷ - Eo+ 1۳/2۶ Ye = -v ۷+2 P 


where Ve is the Coulomb potential, M z is the C reduced mass, 
- 1/2 is the imaginary part of the energy eigenvalue with T interpreted 


as the width of the state, and 


Bj 6B em (eye. و‎ B) برس‎ (sty x 


Zee 11 
Eso = -Bsc= M( zC) - 1۷) (E) = M(=°) a Ey, - 4.57 MeV- 


where By+r (Bsc) is the binding energy of Sa) in = 1 
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For the p3/2 orbits considered here, 1 write 4(¥)= Ya (f) u,(nj/r. 
1 denote by p,.(r) and pzo(r) the probability of finding respectively z* 


and pe in the unit interval Ar: 


3 


p g(r) =|us+ (Fl, pyolr) =} uzolr) (5) 


1 assume that, ¥ is normalized, i.e., 
far [pye(r) + pro(r)] a iata 


To discuss the isospin T of the state ¥ , 1 decompose xlt) and 
{ 
xo) into eigenstates xt of T 21/2 and 3/2 (with the third component 
fixed, T, = ~1/2), 


x a fifa XI? - fara 217۶ , 


(6) 
HAND ۰۰۲/27520۹۷2 MTB 
and obtain the corresponding decomposition of y = Pa, s 
Wee RX Pp (E) = RAY, (8) uy (FF 
with 
1/2 = 1/3 uso - 2/3 Use 
(7) 


3/2 = J ee a /1/3 uge 


The probability of finding in the unit interval Ar our system in the isos- 
pin T stateis; pr (r) =| چا‎ (r) | ” 
Let me now present results obtained by solving eqs (3). 


The form used for v and v, was: 


Vibe جر(‎ ۱۷۵ los rer مرو‎ = Ve el el on (8) 


where TAC 0.166 fase is the equilibrium density of nuclear matter, 


the nuclear core density @(r) = @(o) { 1+ a(r/a) 2 exp{ -(r/a) * 


with a = 1.69 fm and « = 0.811 determined by electron scattering on 
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ie {1}, V =-30 MeV, and Vet 5 MeV (the value calculated by 
Dover and Gal [2] with Model D of the Nijmegen barion-barion inter- 
action) . For ۷ , l used the Coulomb potential of a uniform charge dis- 
tribution with the same rms (2,42 fm) as g(r) . The absorptive poten- 
tial w(r) was obtained (exactly as in [3] ( in the local density appro- 
ximation from the semi-classical expression (modified by Pauli blocking 
and binding effects) for w in nuclear matter. 

Among the exponentially decaying solutions of eq. (3) , I shall res- 
trict myself to discuss the state which goes over into the state of ae 
when v, > 0 , For this state one gets Te = 2, ay MeV and ۲ = 0.9MeV. 
The cdPrespohdists value of AM = N (û z 2 4 me 26) = ap 5 MeV is 
in a qualitative agreement with the CERN data [4]: AMGA 2c) = 275MeV, 
and with the recent KEK data [5]: AM (4c) B” 277.6 MeV. 

The probabilities رح‎ and Pr are shown in Fig. 1, The most 
striking feature are the oscillations of Pr beyond the nuclear core. 

To discuss these isospin oscillations, I write the expressions for Pr? 


obtained with the help of eqs (7) and (5): 


P3/2(r) ۲(/3)مو 2 +۳(/3) موه‎ + A(x) cos(r) , 
۱ (9) 
P1/2 (F) = 2ps+(r) /3 4+ pgo(r)/3 - Afr) cosb(r) , 


where 


È (r) marg {u yo (r) /uge(r) } 


A (oas و22‎ (PES, (x). le Soa 


To simplify the discussion, I restrict myself to such big values of 
r, that (for 2 = Z*, >°) 


(10) 


us wv Ay exp (ik; r) ۲ (11) 


where Ay are complex constants determined in the process of solving 


eqs (3), and the complex momenta ky are defined by 


ge e Ea F>) ahi (12) 
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Fig: 1. The distribution of charge and isospin in g e4 


Eqs (11) lead to the following asymptotic expressions: 
$~ Re { kyo - بو‎ + 
A ~ (2 {3/3) | Age Ag+ ]وه‎ - Im f kyo+ ky+} r | ۴ 


where 6 = arg (A,/A,,), By inserting expressions (13) into eqs (9), 


(13) 


one Sees that the probabilities Pr in the asymptotic region oscillate with 
the wave length A 27/161 kyo - kgr} , and with the amplitude A. Since 
A is (exponentially) decreasing with r, the oscillations are damped. 


This is exactly the behaviour shown in Fig, 1, 


Another way of explaining the isospin oscillations is to transform 
system (3) of equations for Py + and Yee , coupled by ۷ into a system 
of equations for 3 = 1/2, 3/2) . The coupling due to v, disappears 
in the equations for Yr ر‎ but a new coupling appears due to the Coulomb 
interaction and mass differences., In contradistinction to the coupling Ye 
between rand Wye , which vanishes outside the nuclear core, the con- 


stant mass difference term couples ور‎ with اس‎ everywhere, thus 
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giving rise to the isospin oscillations. Less formally, we may say that in 
the asymptotic region 4۷ + and Wee describe the physical states of =” and 
Z° (bound to the nuclear core) , On the other hand, neither ۳ 1/ ۴ 

j2 4‏ و۷ 


Schrödinger couation, Thus they do not describe single physical states, 


re separately, even in the asymptotic region, solutions of the 


but are superpositions of two physical states, Te and Yro , and the 
probabilities | G £ reveal oscillations caused by the interference 
between the two components, وب‎ + and ro ۰ 

The nature of the isospin oscillations in re discussed here, is the 
same as that of the known oscillations of tħe neutral K mesons. A special 
feature of the isospin oscillations in 2 hypernuclei is that they appear in 
a bound state, Necessary for their appearance is a non vanishing absorp- ۱ 
tive potential w (describing the N>AN processes). 

The occurance of the isospin oscillations affects the total probability 
Pa = far PT of finding re in the isospin T state, The result of the pre- 
sent calculation, P3/2 ۶ 3 ۳/2 = .68, differs from the value ۴3/2 = .99 
suggested by Dover et al. ۳61۰. The problem of a direct experimental detec- 
tion of the isospin oscillations in 5 C is difficult because they occur out- 
side the nuclear core, It would be probably easier to detect the effect of 
the coupling of the two charge states in XZ atoms (e.g. in the ح11‎ + 


atomic system coupled with the es ae system). 


So far the isospin oscillations in Z hypernuclei is a hypothetical 
phenomenon and its relevance in the physical phenomena may be question- 
ed. Namely, there is one difficulty here, which should be mentioned, 
Since for the state of 126 discussed E,> 0, the state is of the type 
of the "unstable bound states embedded in the continuum" (UBS) discus- 
sed by Gal et al.[ 7]. Recently, the identification of the UBS with the 
peaks in the T distribution observed in the (K`, ) reactions has been 
critisized by Morimatsu and Yazaki [8}. Their work, however, involves 
an approximate expression for the formation cross sections in terms of an 
approximate Green function. Furthermore, their criticism does not apply 
to bound states, and the properties of the Z hypernuclear state discuss ed 
here do not change drastically when Ey, become negative - the situation 


12 
expected in hypernuclei heavier than yz C., 
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A few more details of the present discussion may be found in [9] , 


All the computations were performed on a PC with an essential 


help of Dr, J.Rozynek. 


This work was partly supported by the Polish-U.S.Maria Sktodo- 
wska-Curie Fund, under Grant No P-F7F037. 
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STRESZCZENIE 


Pokazano w pracy mozliwosé oscylacji a rozkładu 


izospinu w Ž-hiperjądrach dla przypadku stanów 50. 


8 ۷ 0 3 ۲ ظ 


1303160۲۲0025 0۵1201281118 B ۳۵2187110 0808092828 nsc- 


0111018 B 2, -Punepagpax AeMOHCTpUpyeTCA B 011488 ۲0072518080۷ 
HHX COCTOAHMÄ B S0. 
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eae 2 a i nd, Ar‏ مھ è‏ اا 
و e‏ 
e. Th eee R‏ ی E‏ 
Ue oer na ol He j i n ae ۷ det Vp | bad te 9‏ ۱۷۱ 
parajt ۱۱ poet) eyar a wete‏ - 


~ere Wre 
و و وجي‎ oe . ۷, mal شم‎ 
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